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160a Sunday, February 26, 2012components of a mathematically defined signal transduction mechanism in
which energy coupling is driven by steady-state and regulated by stochastic li-
gand binding. By homology, tropomyosin and myosin are modeled in a second
chance process as reader and switch respectively. This work was supported by
NSF grant MCB-0508203.
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Many biological processes are controlled by biomolecular switches which
themselves are regulated by various upstream chemical molecules (the input).
Understanding how input noise affects the output stochastic switching process
is of significant interest in various biophysical systems like gene regulation,
chemosensing, and cell motility. Here, we propose an exactly solvable model
where the noisy input signal arises from a simple birth-death process and di-
rectly regulates the transition rates of a downstream switch. We solve the joint
master equations to analyze the statistical properties of the output switching
process. Our results suggest that the conventional wisdom of an additive
input-output noise rule fails to describe signaling systems containing a single
molecular switch, and instead, the most important effect of input noise is to ef-
fectively reduce the on rate of the switch.
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Cancer progression occurs in several stages. Unlike gene aberrations, the pre-
cise role of the micro-environment is poorly understood. Whereas the tumor is
in constant competition with the surrounding tissue, little is known about the
mechanics of this interaction.
Using a novel methodology, we study experimentally the effects of an external
mechano-osmotic stress applied on mouse-colon carcinoma cell aggregates.
We show that an increased stress drastically reduces the growth rate. We use
immunofluorescence staining of cryosections to observe the effect on prolifer-
ative cells (antibody anti-Ki67) and on apoptotic cells (antibody anti-cleaved
caspase-3). We also extract from the growth curves, using a simple two-rates
model of tumor growth, a bulk growth rate
and a surface growth-rate increment. Both
these results show that the stress mainly re-
duces the proliferation in the core of the tu-
mor, but less at its periphery, without
affecting cell death.
It favors the idea that mechanical effects can
have deep implications in cancer prolifera-
tion. It opens the question on the players
in the crosstalk between stress and cellular
response. To adress the question of this pro-
liferating arrest, we investigate the effect of
this mechanical stress on the cell cycle.795-Pos Board B581
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Coordination between actin cytoskeletal system and cell-substratum adhesion
system is essential to cellular motility. At the front of a migrating cell, actin
is polymerized to form a pseudopod, and focal adhesions stick the pseudopod
on the substrate. At the rear of the cell, the adhesion complexes are disas-
sembled, and the released cell membranes is retracted by an actomyosin con-
traction. Upstream of the molecular network regulating actin cytoskeletal
dynamics, the conducting signal is generated by phosphatidylinositol lipids
metabolizing system including PI3-kinase and PTEN which catalyze opposing
reactions of PI(3,4,5)P3 production and degradation, respectively. PI(3,4,5)P3-
enriched region traveling along the cell membrane is self-organized indepen-
dently of actin cytoskeleton, which induces pseudopod formation in the motile
cells. In this study, we examined a link between the focal adhesion and PtdIns
signaling system by using a Dictyostelium discoideum mutant lacking two ho-
mologues of talin. Talin is a component of focal adhesion, and the mutant cellsdo not adhere to the substrate. On the membrane of the mutant cells, multiple
PI(3,4,5)P3 waves were observed simultaneously. By a quantification of the ra-
tio of the cells exhibiting PI(3,4,5)P3-enriched region, we concluded that the
PI(3,4,5)P3 wave generation was augmented in the mutant. While the ratio
was increased depending on the caffeine concentration in wild type, the ratio
was higher at any concentrations in the mutant. The enhanced ratio descended
by inhibiting PI3-kinase, suggesting that talin suppresses PI3-kinase and
PI(3,4,5)P3 accumulation. As talin A is localized to the rear, the suppression
may exert excluding the pseudopod. Therefore, via self-organizing signaling
system, the two molecular networks can be coordinated, which leads to an ef-
ficient cell migration.
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Store-operated Ca2þ entry (SOCE), and its major components (Orai1, STIM1
and PLA2G6) are known to be important for cell migration, but mechanism
of their involvement in this complex process is unknown. In this study we
used state-of-the-art imaging techniques and advanced molecular approaches
to characterize the role of Orai1, STIM1 and PLA2G6 in lamellipodia and focal
adhesion (FA) formation in HEK293 cells. We found that while transfection of
the cells with siRNA against Orai1, STIM1 or PLA2G6 resulted in a similar
reduction in the velocity and distance of cell migration, their effects on lamel-
lipodia, FAs and the actin cytoskeleton were not the same. Downregulation of
Orai1 or PLA2G6, but not STIM1 caused significant reduction in lamellipodia
formation and affected actin cytoskeleton. Analysis of FAs showed that molec-
ular downregulation of PLA2G6 changed the appearance and overall distribu-
tion of FAs. Compared to FAs in control (scrRNA treated) cells, mean area and
aspect ratio of FAs in PLA2G6-deficient cells were significantly reduced.
Moreover, FAs accumulated closer to the leading edge of polarized cells: about
80% of FAs were found within a short (up to 4 mm) distance from the leading
edge, compared to less than 50% of FAs in control cells, and FAs beyond 10 mm
distance virtually disappeared. In contrast, downregulation of STIM1 did not
affect either mean area of FAs, or their aspect ratio. FAs in STIM1 siRNA
treated cells showed much wider distribution throughout the lamellipodium,
and could easily be found far beyond the leading edge. These data suggest
that Orai1, PLA2G6 and STIM1 may be involved in different steps of FA
formation, maturation and cytoskeleton integration that are all essential for
accurate cell migration.
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Chemotaxis of the bacterium Escherichia coli serves as a paradigm for the way
living cells respond and adapt to changes in their environment. The chemotactic
response has been well characterized at the level of individual flagellar motors
and in populations of swimming cells. However, it is unknown how the inter-
actions of multiple flagella combine to produce the whole-cell swimming re-
sponse. Until now it has not been possible to accurately quantify the
adaptive response of a single, multi-flagellated cell. We used our recently de-
veloped optical trapping technique1 to characterize the swimming behavior
of individual bacteria as they respond to sudden changes in the chemical envi-
ronment. Our assay allows us to quantify two features of adaptation, and how
they vary as a function of the stimulus strength: abruptness, the degree to which
adaptation occurs within a small number of run-tumble events; and overshoot,
the degree of excessive response before the return to pre-stimulus behavior. In
the effort to understand these new features and relate the activity of individual
flagella to whole-cell swimming behavior, we have recently developed the abil-
ity to record high speed (500fps) movies of fluorescently labeled flagella on
trapped cells. This allows us to observe individual flagella, while simulta-
neously quantifying long-term swimming behavior. We discuss all of our find-
ings in the context of theoretical models of the chemotaxis network, and
suggest how these findings provide clues to an improved understanding of che-
motactic adaptation.
1. Min, Mears, et al. 2009 Nov; Nature Methods 6(11):831–5.
